Objectives: We assessed how age impacted learning who to trust, and the extent to which this type of learning relied on explicit memory. In contrast to prior studies, target faces were neutral without prior reputational information. Method: Younger (YA) and older adults (OA) made investment decisions for 36 brokers, who yielded a good, neutral, or bad outcome. Brokers were encountered three times to measure adaptive learning. After the investment task, participants completed a surprise explicit source memory test for brokers. Results: Although YA and OA learned to distinguish good and bad brokers from neutral ones, OA did not learn the brokers' behavior as well as younger adults. In addition, explicit source memory was highly correlated with investment decisions, although less so for good brokers for older than younger adults. Discussion: Findings extend prior work by establishing that OA impairments in learning who to trust extend to neutral faces, and highlighting the role of explicit memory in investment performance. Future work should vary the task demands to explore the contribution of explicit and implicit processes.
Older adults are considered to be vulnerable to scams and fraud, with estimates that half of scams target adults over 50 (AARP Foundation, 2003) , resulting in financial losses over $2.9 billion (MetLife Mature Market Institute, 2011) . Despite these statistics, it has been argued that effects of aging emerge in laboratory but not real world comparisons (Ross, Grossmann, & Schryer, 2014) . This apparent discrepancy calls for additional research on trust that considers demands across cognitive, socioemotional, and motivational processes.
Research thus far has largely investigated age differences based on responses to facial properties. Younger (YA) and older adults (OA) overwhelmingly agree on which faces appear trustworthy versus untrustworthy (Castle et al., 2012; Krendl, Rule, & Ambady, 2014; Zebrowitz, Franklin, Hillman, & Boc, 2013) . Older adults, however, rate the least trustworthy faces higher on trustworthiness than young (Castle et al., 2012; Zebrowitz et al., 2013) .
The influence of facial properties on adaptive behavior in financial games has also been assessed. In one study (Suzuki & Suga, 2010) , young adults repeatedly interacted with lenders with trustworthy or untrustworthy faces who yielded good, bad, or neutral investment outcomes. Even though participants initially invested more in lenders with trustworthy than untrustworthy faces, over time participants invested more in the good and less in the bad lenders. However, participants remember bad lenders who appeared trustworthy disproportionately more than other lenders. Older adults adapt to investment outcomes slower than younger adults and exhibit a positivity bias (Mather & Carstensen, 2005) , with poor explicit recognition of bad lenders and greater tendency to consider trustworthy faces to be good lenders (Suzuki, 2016) .
Older adults exhibit other vulnerabilities, such as trusting all partners in an investment game more than young, with the exception of trustworthy socially close partners (Webb, Hine, & Bailey, 2016) . Although younger and OA learn to invest with appropriate lenders, OA invest with untrustworthy lenders more than young Webb et al., 2016) .
Taken together, investment studies show that OA exhibit less sensitivity to cues of untrustworthiness or attend to information extraneous to the investors' behavior, such as trustworthy faces, more than young. This makes it necessary to compare age groups on performance for neutral faces. Moreover, the contribution of explicit memory to investment tasks has not been fully considered; this is surprising because impressions must be successfully encoded into memory to guide future behavior, allowing one to prepare for social interactions and guard against deceit or fraud. Source and associative memory could contribute to learning an investor's behavior, and these abilities decline with age (Naveh-Benjamin, 2000; Spencer & Raz, 1995) . However, there is some work indicating that memory for social information is separable from other types of explicit memory and may not decline as much with age (e.g., Bell, Giang, Mund, & Buchner, 2013; Cassidy & Gutchess, 2012; Todorov & Olson, 2008) . Thus, we predict two possible patterns of outcomes for the present study, focusing on learning of trustworthiness from neutral faces with age and the contribution of explicit memory to investments. Given prior work indicating relatively preserved processing of trustworthiness information and learning of social information with age, it is possible that OA may learn as well as younger adults, with little contribution of explicit memory to performance. If learning of trustworthiness relies on explicit memory, we would predict worse performance with age, in line with source and associative memory impairments, and strong correlations between investment performance and memory measures.
Methods

Participants
Thirty YA and thirty-one OA were participated. Demographic, neuropsychological, and propensity to trust (Trust and Trustworthiness; Evans & Revelle, 2008) scores are presented in Table 1 .
Materials
Face stimuli
Eighteen younger and 18 older faces (Minear & Park, 2004) served as brokers. Faces were evenly divided by age and sex across broker types, randomly assigned for each participant, and each presentation occurred in a random order.
Broker investment task
Trust learning was measured via simulated investments with brokers, using an investment task adapted from previous research (Suzuki & Suga, 2010; Suzuki, 2016) . For each face, participants could invest or not invest $5. Participants encountered 36 brokers that were good, neutral, or bad, with the explanations that "good" returns $6 on a $5 investment, "neutral" returns $5 on a $5 investment, and "bad" returns $4 on a $5 investment. When the participant decided, the selection was displayed ("invested $5"; "did not invest"), followed by feedback about the outcome (regardless of investment) and the participant's gain or loss. Participants completed three rounds of investments decisions for all faces, with consistent outcomes for each broker.
Broker classification task
A surprise explicit memory test for broker behavior was administered 10 min after the investment task (based on the classification task from Suzuki & Suga, 2010; Suzuki, 2016) . Participants decided whether the 36 brokers, plus 12 new faces, were good, neutral, bad, or new (not seen previously).
The Supplementary Material includes further details.
Results
Broker Investment Task
Scores, displayed in Figure 1 , reflected the proportion of "invest" decisions. Those from block 3 were compared in a 2 × 3 mixed analysis of variance (ANOVA), with age (younger/older) as a between participants variable and broker type (good/neutral/bad) as a within participant variable. There was a significant main effect of broker type, F(2,118) = 99.52, p < .001, η p 2 = .63, indicating that participants learned to distinguish the different brokers. The interaction of Age × Broker type was significant, F(2, 118) = 22.43, p < .001, η p 2 = .28, but the main effect of age was not, F(1, 59) = .98, p = .327, η p 2 = .02. Follow-up comparisons demonstrate that younger adults invest in good brokers more than OA, t(59) = 4.94, p < .001, and in bad brokers less than OA, t(59) = 4.55, p < .001, but the age groups did not invest differently in neutral brokers, t(59) = 1.57, p = .122. Based on a 2 × 2 ANOVA with only good and bad brokers (rescaled as absolute values reflecting decisions to invest with "good" brokers and to not invest with "bad" brokers), there was no evidence for a main effect of broker type (good/bad), F(1, 59) = .90, p = .347, η p 2 = .02, or for an interaction with age F(1, 59) = .005, p = .944, η p 2 = .00. Comparing across blocks 2 and 3, younger adults learned to distinguish amongst broker types sooner than OA, based on a significant Age × Block × Broker type interaction in a 2 × 2 × 3 ANOVA, F(2, 118) = 6.51, p = .002, η p 2 = .10. See Supplementary Material for further comparison of all three blocks, and exploratory analyses of age and sex.
We investigated whether individual differences in selfreported trust or trustworthiness (Evans & Revelle, 2008) influenced initial investments or learning of investments. No significant correlations emerged, once outliers were excluded.
Broker Classification Task
Unbiased hit rates (Suzuki & Suga, 2010; Wagner, 1993) were calculated for performance on the broker classification task (see Supplementary Material). To compare source memory performance on the broker classification task, we used a 2 × 4 mixed ANOVA of the unbiased hit rates, with age (younger/older) as a between participants variable and broker type (good/neutral/bad/new) as a within participant variable. There was a significant main effect of age, with younger adults explicitly remembering the behavior of brokers better than OA, F(1, 58) = 36.45, p < .001, η p 2 = .39, and a main effect of broker type, F(3, 174) = 89.24, p < .001, η p 2 = .61. Follow-up comparisons revealed that all of the broker types significantly differed from each other, ts(59) ≥ 3.43, p ≤ .001. The interaction of age x broker type, F(3, 174) = .40, p = .755, η p 2 < .01, did not approach significance, indicating that the pattern of source memory did not differ across younger and OA (see Figure 2) .
Association Between Broker Investment Performance and Explicit Memory Performance
To test whether explicit memory contributes to performance on the broker investment task, we correlated performance on block 3 of the investment task with performance on the source memory task. Performance on the two tasks was significantly correlated. For bad brokers, correlations between explicit memory and performance on the broker investment task were similar for younger (r[30] = −.64, p < .001) and OA r(30) = −.70, p < .001); Fisher's r-to-z transform, z = .40, p = .689. For good brokers, younger adults (r[30] = .81, p < .001) had a stronger relationship than OA (r[30] = .38, p = .04) between explicit memory and investments in brokers; Fisher's r-to-z transform, z = 2.67, p = .008 (see Figure 3 ).
Discussion
Results show that younger adults demonstrate better learning of trustworthiness information than OA. This extends prior work (Suzuki, 2016) by examining learning with neutral faces, free of interference from facial trustworthiness or prior knowledge. Interestingly, age differences appear comparable for positive, negative, and neutral broker information, in investment behavior and source memory, with no support for differences in behavior due to heightened focus on positive information with age (Mather & Carstensen, 2005) . Converging with prior work ; Suzuki, 2016), our results bolster evidence that age deficits in learning about trustworthiness are robust, regardless of facial characteristics.
One of the most important contributions of the study is the relationship between explicit source memory and investment decisions. This finding is in line with a large literature indicating source memory impairments with age (Spencer & Raz, 1995) , and suggests that investment decisions in the third block may largely reflect explicit memory for prior behavior of the broker (Murty, FeldmanHall, Hunter, Phelps, & Davachi, 2016) . However, the relationship between explicit memory and investment in good brokers is weaker for older than younger adults. Our comparisons of individual differences in self-reported trust and trustworthiness did not account for this pattern, although further comparisons of individual differences in socioemotional and cognitive abilities are needed. The reduced relationship with explicit memory with age could reflect less reliance on resources, or reliance on different resources, for positive information with age (e.g., Carstensen, Fung, & Charles, 2003; Kensinger & Gutchess, 2017) . Such a possibility contrasts traditional resource models of memory (e.g., Park & Festini, 2017) , and arguments that positivity orientations rely even more heavily on cognitive resources (Mather & Knight, 2005) . Motivational differences in response to socioemotional cues or heightened implicit or reward learning for positive information with age are tantalizing directions for future research.
Although the present study identifies a role of explicit memory in learning the trustworthiness of investment partners, the results could be strengthened by manipulating the contribution of explicit versus implicit processes by varying instructions and availability of explicit memory traces. This would be an important comparison of age differences, as prior work shows that OA can remember character information as well as young when pushed to rely on "gut instincts" more than explicit memory (Limbert, Coleman, & Gutchess, under review) . Neuroimaging methods would also help to distinguish the contribution of cognitive, socioemotional, and motivational systems under different task demands.
Another unique aspect of the study is the high average age (M = 80) of the older adult sample. Although we did not find any evidence that old-old performed worse than youngold (see Supplementary Material), individual differences may well affect trust decisions, as actual victims of fraud are older (James, Boyle, & Bennett, 2014 ) with lower cognitive ability (Wood et al., 2014) and poorer brain metrics (Spreng et al., 2017) . Delineating individual differences with cognitive batteries may be more sensitive than using age.
In conclusion, findings demonstrate age-related impairments in learning about trustworthiness, which may rely on explicit memory. These findings bolster concerns about OA potential for victimization.
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